This paper empirically investigates the effectiveness of monetary policy transmission in the United States from 1975 -2010 and the techniques of error correction and variance decompositions. The results indicate that the domestic credit and exchange rate channels are relatively effective in influencing the real GDP per capita, and so is inflation-targeting, while the interest rate channel does not appear to play an important role as a monetary transmission mechanism, bearing in mind the interlinkages between the channels. The empirical analysis suggests that policy measures and structural reforms must be targeted accordingly in order to promote the effectiveness of monetary transmission mechanisms in the US and similar countries.
B. Research Objectives and Motivation
In light of the previous studies by Boivin, Kiley, and Mishkin (2010) and Cevik and Teksoz (2012) and given the significance of domestic monetary policies in the US to interconnected markets and economies around the globe, this paper intends to investigate the efficacy of monetary transmission mechanism in the US, using a sample of annual data for the period from 1975 to 2010 by analyzing the dynamic relationships between the monetary channels (represented by domestic credit, T-Bills, and exchange rate) and the economy (represented by Inflation rate and GDP), through:
1. Analyzing the cointegration amongst the variables; 2. Analyzing the causality amongst the variables. An understanding of the variables' dynamic relationships is pertinent to arrive at recommendations regarding the timing and effectiveness of policy actions, better understanding of current policy environment, and suggesting a modest way to reform ahead.
C. Literature Review
Many of the thoughts of monetary policy are rooted in the neoclassical synthesis. The Theory of Optimal Monetary Policy, for instance, starts by specifying an objective function that represents economic welfare, that is, the well-being of households in the economy and then maximizes this objective function subject to constraints that are provided by a model of the economy (Mishkin, 2011) . The objective function has been translated in two matters; (1) the price stability, and (2) maintaining economic output of the economy. The objective of price stability involves minimizing the variances of inflation from its optimal rate, while the second objective is concerned with minimizing deviations of real economic activity from the natural rate of productivity level. Monetary policy decisions influence such variables.
Nonetheless, it is argued that the effectiveness of monetary transmission mechanisms change over time in accordance with changing economic and financial landscape in any particular country; the degree of financial intermediation and central bank autonomy and the development of domestic capital markets. In other words, the development in financial landscape would possibly provide alternative channels for monetary policy transmission.
Despite variations, the respective channels of monetary transmission mechanism can be any combination of the following:
i. The interest rate channel transmits monetary shocks to the economy through its impact on interest rate-sensitive components of aggregate demand such as consumption and investment. Despite its well-established position as a mechanism of monetary transmission, interest rate significance is affected by such other variables as feedback from exchange rate; especially in financially-developed open market economies. ii. The credit channel, which complements the interest rate channel by changing the supply of bank credit to the private sector in response to changes in interest rate and statutory reserve requirements, among other instruments of monetary policy. It will be of most interest to investigate the relative efficacy of this channel in light of the ongoing change in the process of credit creation, whereby bank's role in credit creation is increasingly over-shadowed by new emerging financial intermediaries and expansion of corporate bond and equity markets. iii. The exchange rate channel, the effectiveness of which is dependent upon the exchange rate regime adopted by the economy, whether it is fixed or flexible, and the degree of capital freedom. In the United States, for example, if interest rate rises, yields on dollar-denominated assets will look more attractive leading to inflow of foreign capital and appreciation of the dollar in foreign exchange markets. This in turn will lower the cost of imports and raise the price of US exports impacting the demand of both respectively. iv. The balance sheet channel operates through impacts to wealth and credit worthiness of borrowing households and firms. v. The asset price channel; as monetary authorities change interest rate, the valuation of financial assets, such as stocks and bonds, changes; thereby affecting firms' investment decisions and households consumption decision through impact on firms' and projects' profitability and households' wealth. vi. The expectation channel; changes to monetary variables may signal future course of actions thereby affecting households and firms expectations with regards to interest rates, inflation, assets prices and others and impacting their consumption and investment decisions today.
D. Research Methodology
In testing the effectiveness of monetary transmission mechanism, timeseries studies of individual countries over time are deemed to be more appropriate; as they capture the dynamics of the variables over time and address the peculiarity attributed to country-specific characteristics; conditions and stages of development, valuable considerations that are overlooked in crosssectional or pooled cross-section time-series studies.
Within time series techniques, however, traditional regression analysis is abandoned due to its major limitations of assuming stationarity of variables which results in misspecification of the regression and invalidity of conventional statistical tests if the variables were in fact cointegrated. On the other hand, when variables are first-differenced to justify stationarity assumption; the theoretical component is removed and only the short-run relationship can be estimated. In light of the above, the more recent cointegration-based techniques is adopted; using vector error-correction and variance decomposition methods to test Granger causality and long-run structural modelling (LRSM) to test the long-run theoretical relationship among the variables.
Unlike traditional regression, the strength of time series techniques lies in the following: (1) testing rather than assuming long-run theoretical relationships among the variables (cointegration), and (2) testing rather than assuming the direction of causality among the variable (Granger-causality). It, nonetheless, shares the same assumption of linearity as traditional regression.
Data, Empirical Results and Discussions
This study investigates the transmission of monetary shocks in the US economy through the channels of interest rate, credit and exchange rate, with the hope of providing meaningful insight into the linkages through which monetary policy decisions are transmitted to the real economy.
Bearing in mind the goals of monetary policy, as documented in the Federal Reserve Act, which are to promote maximum employment, price stability and moderate long-term interest rates, we consider a five-variable model for our lead-lag analysis. The variables are the real GDP per capita (LGDPPCAP), domestic credit provided by the banking sector as a percentage of GDP (LCRDT), Treasury bill rate (TBIL), the real effective exchange rate (ER) and rate of inflation (INF). The data was sourced from the World Bank database. All the 'level' forms of the variables were transformed into the logarithm scaleto achieve stationarity in variance but that was not necessary for the Treasury Bill rate (TBIL)and inflation rate(INF) variables, as they were originally in percentage form.
Cointegration Test STEP 1. UNIT ROOT TEST
To begin the cointegration test, we need to ensure that the variables are in fact I(1). I(1) signifies that the variables used are non stationary in their original form and stationary at their level-form. This is achieved by applying Augmented Dickey-Fuller (ADF) & Phillips-Perron (PP) tests on the level and first differenced forms of the variables. The results of former tests are tabul ated below in Table 1 and Table 2 respectively. The variables are found to be integrated of order one in levels; as the hypothesis that they contain a unit root cannot be rejected at the 95% level. There is clear evidence that the variables have changed over the sample period. Nevertheless, under Phillips-Peron test, the variable is found to be non-stationary as evidenced by the insignificance effect of INF(-1) to INF at differenced-form. Hence, the variable is kept in the model. Implication for policy making at this stage: as mentioned before, the result in this stage informs the condition of the examined variables, that is whether or not they are non-stationary (experiences the infinite variances, permanent shocks, and autocorrelation) or stationary (experiences a finite variances, temporary shocks, and disarrayed autocorrelation problem). This information is pertinent since policy makers are interested to have the best variables which are, presumably, reflecting a free market condition in order to form a sophisticated model to arrive into a better policy making. In our case, it is shown that all variables are I(1) implying that demand-side monetary policies are seemed to be more effective.
STEP 2. ORDER LAG SELECTION
An optimal lag order of VAR is then selected using the Akaike Information Criterion (AIC) & Schwarz Bayesian Criterion (SBC). A lower VAR order is often associated with the problem of serial correlation, while a higher VAR may risk over-parameterization in a small sample. While our SBC test statistic suggests a lag of 0, AIC suggests a lag of 1. Both statistics are significant. We, nonetheless, proceed with a VAR of 1 * , bearing in mind we only have 35 observations. 
. Engel Granger residual-based approach
The motive using Engel Granger residual-based approach is to find nonspurious relationship amongst the examined variables. Engel and Granger (1987) considered seven asymptotically valid, residual-based test statistics for testing the null hypothesis of non-cointegration against the alternative of cointegration. Moreover, based on Microfit Tutorial Lessons handout in page 298, Engel and Granger residual-based approach is useful when a time-series data set needs to include dummy variables which possibly alter the critical values for the unit root test. Considering that the examined data set does not include dummy variable, hence, the deployment of Engel Granger residual-based approach here is a mere experiment. From the result, it is implied that null hypothesis of non-cointegration could not be rejected. It is such because the t-statistics value of the highest Aike Information Criterion (AIC) and Schwarz Bayesian Criterion (SBC) is less than the critical value of Dickey-Fuller statistics. This evidences that, according to EG residual approach, there is no long-run theoretical relationships amongst the variables. However worth noting that, this test only accommodates one cointegration relationship and the endogenous variable has been determined prior. Hence, Johansen ML cointegration test is preferred.
b. Johansen ML cointegration test
The results of testing for cointegration based on both Maxim and Trace Eigenvalue statistics, strongly reject the null hypothesis of no cointegration (r=0) but do not reject the alternative hypothesis, that there is one cointegration relation between these variables (r=1) at the 95% level. Cointegration implies that the relationship among the variables is not spurious; that there is a theoretical relationship among the variables and that they are in equilibrium in the long run. It implies that each variable contains information for the prediction of other variables. However, cointegration cannot tell us the direction of Granger-causation as to which variable is leading and which variable is lagging. Policy implication at this stage is to show the extent of effectiveness of a Government's short run monetary policies, as it indicates the co-movement of the variables in the long-run, as envisaged by theory. The Federal Reserve Bank may therefore form design its policy in such a way that effectively affect the endogenous variable, to be discerned in the next steps.
STEP 4. LONG RUN STRUCTURAL MODELLING (LRSM)
In order to make the coefficients of the cointegrating vector consistent with the theoretical and relevant information of the economy, we applied the 'LRSM' procedure. LRSM enable the imposing and then testing of both identifying and over-identifying restrictions. Exact identification involves normalizing the variable of interest, which is LRGDPPC in our model, by introducing the restriction of unity of its coefficient and testing the same. Results of exact identification are presented in Panel A of Table 5 and suggest that all of the variables are significant except for LER, which has a t-statistic of 1.621 (in comparison with a critical value of 2).
An over-identifying restriction is, therefore, imposed to test the significance of the exchange rate variable in the cointegrating relation. Acceptance of the restriction would imply that the variable must be omitted. To over-identify, we set LER coefficient equal to zero and test the null that the restriction is correct. Given the result, tabulated in Panel B of Table 5 , and based on the p-value of the Chi-Squared test, we reject the null of restriction and proceed with the exact-identification relation of: ecm1 = 1.0000*LRGDPPC + .033640*INF -.97098*LCRDT -.23375*LER -Despite the fact that exchange rate is insignificance (t-statistic is 1.621), the result supports the traditional view of transmission mechanism that there is indeed long-run theoretical relationship amongst domestic credit, T-Bills, inflation rate, and real GDP. In succeeding tests, exchange rate would still be included in the analysis considering its t-statistic value which is deemed to be close to the threshold.
CAUSALITY TEST STEP 5. VECTOR ERROR CORRECTION MODEL (VECM)
As stated earlier, cointegration cannot tell us the direction of Grangercausality; as to which of the variables is leading and which one is lagging in the relationship. Hence, the vector error-correction modeling technique is used to distinguish the absolute exogeneity and endogeneity of variables; to the benefit of policy-makers' planning and optimal choice of monetary instrument. At least one of the ECT terms should be significant for the long term cointegrating relationship to be valid, as the ECT embodies the long term relationship where the long-run co-movement between the variables cannot be captured by differenced variables. The 'F' test of the joint significance/insignificance of the lags of each of the differenced variables captures the impact of each variable on other variables in the short run. Table 6 shows the results of the error-correction model (ECM) for each variable, estimated by OLS based on cointegrating VAR (1). Given the tabulated results, we find the inflation rate, the domestic credit, the exchange rate and the Treasury Bill rate to be all exogenous (leaders) whereas the Real GDP per Capita is the only endogenous variable (follower) in the cointergation. The exogeneity of the inflation rate, the domestic credit, the exchange rate and the Treasury Bill rate means that they do not depend on the deviations of other variables, that they are the first recipients and transmitters of exogenous shocks to equilibrium. The significance of the error correction term in LRGDPPC equation, on the other hand, implies that changes in economic growth is brought about by changes in the inflation rate, domestic credit, exchange rate and short-term interest rates, in line with the theorized literature except that one could have expected inflation to be endogenous too, however it is worth noting that the strategized monetary policy in the US is often influenced by the level of independence of the Fed towards the dominant political party in parliament. Consequently, inflation has been targeted at times, depending on the interests of the political party in power. Moreover, it is the real GDP per capita that has to undergo change in the short-run in order to bring about the long term equilibrium among the cointegrating variables. More specifically, the size of the coefficient of the error correction term indicates the speed of short term adjustment; hence it could take up to 6 years for Real GDP per capita to restore equilibrium in the long run; following a shock to the economy. Which is sadly not surprising; given the efforts that continue to date to contain the aftermath of the financial crisis of 2007-2008. The diagnostics of all the equations of the error correction model were obtained in order to test for the presence of autocorrelation, functional form, normality and heteroskedasticity. Tabulated results suggest that the equations are well-specified.
All in all, implication for policymakers based on the result, monetary authorities have at their disposal the named exogenous variables as policy tools to achieve their objectives and affect necessary changes in the country's economic activities.
STEP 6. VARIANCE DECOMPOSITIONS (VDCs)
Despite the value-adding information on variables' exogeneity and endogeneity provided by VECM, a measure of relative exogeneity and endogeneity of the variables is more important for policy makers so as to enhance the effectiveness of their policy-making. We, thus, apply the variance decomposition technique, which decomposes the variance of the forecast error of a particular variable into proportions attributable to shocks in each variable in the system, including its own. The variable that isexplained mostly by its own shocks, and is less dependent on others, is deemed to be the most exogenous of them all.
There are two types of VDCs; orthogonalized VDCs and generalized VDCs. Orthogonalized VDCs are sensitive to the ordering of the variable in the VAR and assume all other variables to be switched-off when one-specific variable is shocked. As such it is less realistic compared to generalized VDCs. Generalized VDCs are not dependent upon the particular-ordering of the variables in the VAR, and do, in fact, allow other variables to change when a variable is shocked. Table 7 summarizes the forecast variance explained by innovations in generalized variance decompositions. Based on the statistics at the end of the forecast horizon 5, the domestic credit variable leads the cointegration relation with 92% contribution of its own shocks, followed by the real effective exchange rate (83%), inflation rate (63%) and the Treasury bill rate (52%). The real GDP per capita lags with only 23% of its forecast variance contributed by own shocks, while the majority 77% is explained by the other variables.
These out-of-sample variance forecast results are consistent with the previous within-sample results given by the error correction model and tend to suggest that the domestic credit provided by the banking sector is the most exogenous variable, explaining 21% of the variance in real GDP per capita, whereas the latter explains only 0.3% of the variance in the supply of domestic credit (an alarming reality that reinforces the notion of the financial sector being decoupled from the real economic sector and having a lift of its own). By further decomposing the forecast variance of LRGDPPC, we find that 32% of the variance is attributed to change in the rate of inflation, 21% is caused by change in the real effective exchange rate and less than 3% is explained by change in the Treasury bill rate. VDC tend to indicate that the channels of credit and exchange rate have significant influence on the country's real GDP per capita, so does inflation rate targeting; reflecting their efficacy in the conduct of monetary policy.
The seeming insignificance of the interest rate channel is in line with existing literature, whereby the traditional interest rate channel is expected to give way to other transmission channels in an open economy, in light of the ongoing internationalization of economies, dominance of flexible exchange rate regimes (Mishkin, 1996) around the world. Moreover, the above findings lend justification to the disputed failure of rounds of quantitative easing in the US and other developed countries. Nonetheless, the indirect impact of real interest rates that penetrates the economy indirectly through its effects on credit, as the cost of funding, exchange rates and asset prices; among other transmission channels, cannot be ruled out.
Overall, these findings have important implications for policy makers, who should ideally target the most exogenous variable (domestic credit) and pay close attention to developments in foreign exchange markets, in order to achieve desired monetary objectives. However, policy makers ought to be more innovative in their approach especially given the on-going financial development that sees more and more credit created by non-banking institutions. In addition to monetary policy, monetary authorities may wish to embark on a strategy of prudential regulation and supervision.
STEP 7. IMPULSE RESPONSE FUNCTIONS (IRFs)
The information contained in the VDCs can be equally represented by the impulse response functions (IRFs), which are graphical illustration of the dynamic response of a variable owing to a one-period standard deviation shock to another variable. In an IRF graph, zero represents the steady-state value of the response variable.
The generalized IRFs, as depicted in Figures 2 and 3 are found to be consistent with the earlier results of generalized VDCs; the LRGDPPC variable is most sensitive to1% SD shocks in domestic credit; the inflation rate and the exchange rate. However, it is least responsive to a 1% SD shock to the interest rate variable. Hence, IRFs have same policy implications as the former VDCs. While the above illustrations of IRFs map out the response to variablespecific shocks, the persistence profile traces out the effects of a system-wide shock on the long-run relationship of the variables. In particular, it shows that it could take up to 4 years to restore equilibrium in the economy following an external shock to the cointegrating relationship. 
C. CONCLUSION AND POLICY IMPLICATIONS
Unlike, contemporary empirical evidence that suggested the relative importance of the interest rate channel in advanced economies with developed financial markets and the opposing dominance of bank lending and exchange rate channels in emerging market economies, our study suggests that monetary policy in the US is best transmitted using the channels of domestic credit, exchange rate and inflation rate targeting. This suggestion could be further generalized to countries with similar macroeconomic and financial structure, such as the UK. The interest rate channel, on the other hand, appears to be of less importance.
Bearing in mind the interlinkages between all the channels, monetary authorities are more likely to achieve their objectives in a timelier manner with the use of the earlier instruments. It follows that monetary authorities need to pay close attention to developments in the credit and foreign exchange markets with more innovative approach to monetary conduct especially given the ongoing financial development that sees more and more credit being created by non-banking institutions. Strategies of prudential regulation and supervision shall also be considered.
D. LIMITATIONS AND SUGGESTIONS FOR FUTURE RESEARCH
The underlying study exhibits some limitations which could provide area for future research. One important limitation is the focus on the investigation of only 3 of the likely channels of monetary transmission mechanism, in consideration for the small sample size and risk of over-parameterization. These channels are namely: the interest rate channel, the domestic credit channel and the exchange rate channel. It will be interesting to retest the same with the inclusion of the remaining channels of balance sheet, asset prices and expectation (if robust mathematical and probability models could be obtained) in order to measure their relative efficacy and draw more concrete recommendations for the conduct of monetary policy.
In addition, this study has examined the relative efficacy of monetary policy transmission mechanism alone, it could, therefore, be of value addition to compare and evaluate its efficacy with that of fiscal policy (despite the current limited fiscal space in the US) with quantification of the merits of adopting risksharing equity-based policy instruments, the like of share certificate in substitution for the currently used debt-based instruments, which are arguably failing policy makers anyways with the attested insensitivity to the interest rate channel.
